Th~ di·spersal and dispersion pa,'t7terns of Hydra fusca w.ere ·examined.
To Dr. Georgia Lesh- The research reported here is concerned with:
measu~ing the dispersal rates of Hydra from the center of the petri dish, (2) the determination of the dispersion patterns in this limited environment, and (3) the effect of density on the dispersal rates and patterns. If the dispersal rate is non-random and the pattern tends toward uniformi~y at high dens~ty, the organisms could be responding to a mechanism for controlling popula~ion density. ·The exact nature Qf this mechanism and its relationship to the ·inhib-iting substance described by the above authors should be th~ topic of future work and will not be covered by this thesis.
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CHAPTER II MATERIALS AND METHODS
Hydra fusca were cultured according to the method of Loomis and Lenhoff (1956) except that this author used distilled water rather than tap water. Polyps were randomly distributed in 95 mm petri dishes holding 125 ml water. Animals with at least a stage one bud were selected after feeding.
PART. 1
Triplicate sets of dishes were prepared at densities 10, 40 and 80 animals per dish. The water was swirled, forcing the animals to the center of the dish. The position of each.animal was marked on a grid of 1 mm squares at O, 3, 24 hours and ·daily thereafter for a total of seven days. The hydra ~ere not fed through?ut this experiment and th~ water w·as not changed. Water lost through evaporation was replaced to keep the water level at· the top of the dish.
PART 2
Animals were acclimated to a constant density of 10, 50 and 100.animals per dish for 10 days by removing the detached buds daily.. '.rhis was followed by a maintenance peri-od of 13 days when the number of budding animals was recorded. The animals were swirled to the center on the 20th day.
The position of the animals was recorded from the 17th to the 23rd day.
Throughout the 23-day period .the animals were fed on
,alternate days and the water was changed daily by carefully pouring off the medium and replacing it so as not to disturb the animals, except on ·the 6th, 10th, 16th and 19th days when the animals were transferred to clean dishes.
The animals were swirled to the center and the positions were noted for seven days without fresh medium.
The mean square radial distance, MSD, for each dish was calculated according to
where n is the number of animals in each dish ~nd r is the distance of each individual from the center. The square root of the MSD for each di~h was averaged. 'The results are summarized for each day in Table I and graphically represented in Figure I .
The distribution pattern was determined using the nearest neighbor evaluations described by Clark and Evans {1954).
The distance ·between each organism and its nearest neighbor was determined. If n is the numbe·r of observations, the observed mean distance is
If the dispersion p~ttern is random (Poisson), the ex- where/' is the density.
For a random (Poisson) dispersion pattern, the ratio, R, will be close to 1. ( n;» 2 and Z is the standard normal statistic.
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The Z valties ·are summarized in Table II and Figure II . 
.,,., ,,..;'
.,,,,,.,, ..,,,,.· ,,..,,.
.
-----·'
.,, .,, Figure III .
The dispersal of the animals from the center of the dish was calctilated for the 21st and 23rd days. In the experiments performed here, there is a rapid dispersal from the center in the first few hours. This is followed by a seven day period in which. there is little outward movement. In animals conditioned to specific· densities, the non-random movement from the center also is observed.
The density dependence of the dispersal is clear for the upper two densities. That ·is, the more crowded animals move further away in~tially and then maintain this difference for the next seven days. In the first experiment, the low density animals moved further out than the animals at the highest density. This may be a statistical artifact due to the low number of animals in the dish. In the second .part, the dispersal is clearly density depend~nt.
The dispersion patterns of the animals indicate that the polyps will shift their positions to reduce the density.
After the initial outward dispersal, farther movem~nt resulted in increasing the distance between the animals in the dish rather than the distance from the center . This dis-tance between nearest neighbors increased· with time at all densities. The ratio, R, increased with density and this increase was reflected in the Z values. Eventually the animals moved so that· the z values indicated a trend toward a clumped, random and uniform pattern for the low, medium and high densities. In the second part, the animals acclimated to the densities demonstrated these patterns after 24 hours.
These were not.maintained at 72 hours although the relative distances were still density dependent. When these animals were swirled to the center, the clumped pattern was displayed after 24 hours for all the densities, but by 72 hours the higher densities had attained a ~andom disp~rsion pattern.
The density dependence of the dispersal rate would support a feedback mechanism for determining the population density. Presumably, the intensity of the stimulus for density would be greater for the animals in .the h~gh density and they would therefore move farther away from the. center. Once away from the strong stimulus in the center of the dish, t~e stimulus would become much less and the movement curtailed.
As time proceeds, the buildup of the inhibiting substance in the water would stimulate the animals to move away from one· another. Again the stimulus would be stronger in the high densities resulting in the more uniform pattern development.
There are at least two possibilities other than the in-.hibiting feedback mechanism which would result in the movement of the hydra. One is the need for food and the result-ant searching movement. The other is a tactile stimulus.
This .author concluded that the stimulus is probably not tactile for two reasons. First, the movement of the ·animals out of the center is very rapid, entailing the somersault mode of locomotion. In this mode the animal bends over, attaches its tentacles to the substratum, detaches the base, flips ·the proximal end over and reattaches the base to the substratum. The tentacles are then detached and the distal portion is flipped· over, the tentacles reattach and the pro·cess is repeated. All of this action occurs in a few minutes, propelling the animal several centimeters away from the center.
There was no waving of tentacles or other movements tb detect the other animals during the somersaulting action.
Secondly, animals have been observed within a few mm of each other.
Since the tentacles of these hydra are at least 5 mm the animals are well within the range of the tentacle swing.
If the dispersal of the animals was a result of tactile stimulus, one would expect· the animals to keep at least a ten tacle length distance from one another.
A need for food would be a possible stimulus for the animals to move in the first part. The animals were not fed for several days and at least some of the movement could be attributed to the search for food and fresh water. However, this would not explain the density dependence of the dispersion patte·rns. Furthermore, in the second part·the animals were well fed,· yet the dispersal from the center of the dish and the subsequent shift in the pattern was still density dependent.
There are two portions of data that do not seem to support an inhibitor feedback mechanism. The first is the fact that in both sets of ~xperiments, the dispersion did not remain uniform once uniformity had been attained. This may be due to several factors, such as a decrease in the growth rate and therefore a decrease in the inhibitor concentration, the death of some individuals and the replacement by detached buds which would be closer to the parent animal, or death pf some individuals and a reduction in the amount of inhibitor therefore reducing the stimulus to keep at a distance. None of these possibilities is resolvable with the data presented here.
The other aspect of the data which does not quite fit .j the inhibitor feedback mechanism is seen by comparing the two parts of the experiment. The animals in the second part attai~ed appropriate dispersion patterns much more quickly than those of t~e first part although the water was changed daily preventing a build up of the inhibitor. The fact:that the animals were acclimated to the densities may somehow explain this, but it is not exactly clear how this would a£fect the inhibitor production.
This ability of the hydra to move in response to their density provides them with a mechanism whereby a density within a certain range can be maintained. That is, animals that are too crowded or close together tend to move away from one another. They move until a lower limit ~f density has been· obtained. If the density of the animals is sufficiently high, the lower limit will only be obtained when the animals are as far from one another as possible and a uniform pattern will emerge.
There are several possible advantages to the hydra for keeping the density within a certain range. Decreasing the density from a clumped situation spreads the animals over more territory increasing the food gathering area, prevents the buildup of waste products such as ammonia and caibon dioxide to intolerable concentrations and allows them to increase the population from a variety of points instead of only at the edge of the culture. Each hydra_ producing offspring asexually becomes a center of population growth. As th~ polyps detach and mature, they move away from the parent until an uncrowded area is found.
On the oth~r hand, maintaining a lower limit on the density could be ~elpful in decreasing the physiological stress to the individual. Although adapted to fresh water, the hydra are not isotonic with their environment. A further advantage of limiting the lower density would be to insure that the animals are close enough for cross fertilization in the fall and the production of encysted egg to carry the species through the winter.
CHAPTER V CONCLUSION
The data in this thesis present significant evidence that hydra will respond to the density of the population by moving to less dense areas. This response is characterized by the non-random movement out of the center of the dish followed by the eventual development of specific dispersion patterns which are directly related to the density, i.e., the more dense the population the more the patterns tend toward uniformity. This phenomenon is observed in conjunction with a decrease in the growth rate with density increase.
It is viewed by the author as a mechanism which serves to enhance the fluctuation of the growth rate to control population density.
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